The aim of the present study was to determine the prevalence of metabolic syndrome (MS) in infertile Iranian women with polycystic ovary syndrome (PCOS) using the ATPIII criteria. Subjects and methods: In this cross-sectional study, 624 women with PCOS were enrolled at a tertiary referral center in Tehran, Iran, between April, 2012 and March, 2013. Diagnosis of MS was according to ATPIII criteria. Also, we divided PCOS patients into following two main groups: (i) with MS (n = 123) and (ii) without MS (n = 501), and then compared variables between two groups. Results: The mean age, body mass index (BMI) and waist circumference were 28.6 ± 4.3 years, 26.7 ± 3.7 kg/m 2 and 85.2 ± 8.7 cm, respectively. The prevalence of MS was 19.7%. Our findings showed that age, BMI, waist circumference and all metabolic parameters were higher in PCOS women with MS than related values in those without MS. The most and least prevalent forms of MS were low level of high density lipoprotein-cholesterol (HDL-C) and hypertension, respectively. Conclusion: It seems the prevalence of metabolic syndrome in our country isn't as high as western countries. The prevalence rate of MS increased with age and BMI. One of the major cardiovascular risk factors, low level of HDL-C, is the most prevalent metabolic abnormality in our participants.
INTRODUCTION
P olycystic ovary syndrome (PCOS) is one of the most common reproductive endocrinological disorders in women, affecting about 15% of women in general population according to Rotterdam criteria (1) . Insulin resistance (IR) plays an important role in pathophysiology of PCOS (2, 3) . Evidence has shown that IR and compensatory hyperinsulinemia also play central roles in the evolution of metabolic syndrome (MS) (4) (5) (6) (7) (8) . MS is a group of risk factors that identify individuals at increased risk for type 2 diabetes mellitus and atherosclerosis (9, 10) . These risk factors include central obesity, hypertriglyceridemia, low levels of high-density lipoprotein (HDL) cholesterol, elevated blood pressure and fasting plasma glucose levels (10) . Many of the metabolic abnormalities of PCOS patients overlap with components of MS. The prevalence rates of MS in PCOS women vary among different countries and ethnicities as follows: 43-46% in America (11, 12) , 37.9% in India (13) , 35.3% in Thailand (14) , 28 .4% in Brazil (15) , 16 .8% in China (16) , 14 .5% in Korea (17) , 11 .6% in Turkey (18) and 8.2% in Southern Italy (19) . These differences in prevalence rates of MS in PCOS patients in different countries may be depended to several factors, like age, BMI, and race of patients as well as different approaches to define MS and PCOS.
To consider the various reports about the prevalence of MS among PCOS patients in different countries and the lack of evidence describing the prevalence of MS in PCOS patients in Iran, we sought to report these. The aim of the present study was to determine the prevalence of MS and its components in Iranian infertile women with PCOS using the ATPIII criteria.
SUBJECTS AND METHODS
This cross-sectional study was conducted between April, 2012 and March, 2013, while it was approved by the Institutional Review Board and the Ethical Committee of Royan Institute Research Center according to the Helsinki Declaration. Informed consent was also signed by all participants. enrolled in this study. Diagnosis of PCOS was based on Rotterdam criteria (20) . Women who were aged > 40 and who used contraceptive drugs within 3 months prior the study were excluded from the study. Based on appropriate clinical and/or laboratory tests, other causes of hyperandrogenism, such as 21-hydroxylase deficiency, Cushing's syndrome, androgen secreting tumors, hypothyroidism, and hyperprolactinemia were also excluded from the study. So, we divided PCOS patients into following two main groups: (i) with MS (n = 123) and (ii) without MS (n = 501).
Procedure
National Cholesterol Education Program Adult Treatment Panel (NCEP ATP III) criteria was used for the diagnosis of MS; therefore, we considered the presence of three or more of the following abnormalities to confirm a diagnosis: waist circumference ≥ 88 cm, fasting glucose ≥ 100 mg/dL, fasting serum triglycerides ≥ 150 mg/dL, serum HDL-C < 50 mg/dL, and blood pressure ≥ 130/85 mmHg (21) .
For each participant weight and height were measured in light clothing without shoes. Hip and waist circumference (WC) and waist-to-hip ratio were measured as standard method. Body mass index (BMI) was calculated as body weight in kilograms was divided by the square of height in meters. BMI in this study was categorized into three groups as follows: (i) non-obese (n = 215) when BMI < 25 kg/m 2 , (ii) overweight (n = 295) when BMI 25-29.9 kg/m 2 and (iii) obese (n = 114) when BMI ≥ 30 kg/m 2 . Age was also stratified into four subgroups: (i) < 25 years (n = 116), (ii) 25 -29.9 years (n = 255), (iii) 30-34.9 years (n = 181) and (iv) 35-39.9 years (n = 72).
Blood pressure was measured on the right arm of women in a sitting position after 15 minutes rest using a manual mercury sphygmomanometer. Hirsutism was defined by the presence of excessive body hair in an androgen-depended pattern, using the Ferriman and Gallwey score > 8 (22) . Oligomenorrhea was defined as the presence of three or more cycles of > 35 days in the previous 6 months, and amenorrhea was referred to the absence of vaginal bleeding for 3 months. Hypermenorrhea was defined as vaginal bleeding occurring at an interval of less than 21 days. Vaginal ultrasonography was performed by expert gynecologists on third day of menstrual cycle for each patient.
Blood samples were drawn after a 12-hour overnight fasting on second or third day of their spontaneous or progesterone induced menstrual cycles. Subsequently, luteinizing hormone (LH), follicle-stimulating hormone (FSH), free testosterone, dehydroepiandrosteronesulfate (DHEA-S), 17OH progesterone, triglycerides, total cholesterol, low density lipoprotein (LDL) cholesterol, high density lipoprotein (HDL) cholesterol, fasting blood glucose and insulin, and 2-hour blood glucose (after eating 75 gram oral glucose) were carried out at the laboratory department of the Royan Institute. Non HDL cholesterol was calculated by subtracting HDL cholesterol form total cholesterol. The states of glucose tolerance were classified into four groups according to the World Health Organization (WHO) and American Diabetes Association (ADA) (23) as follows: (i) impaired fasting glucose (IFG), (n = 54) when fasting plasma glucose was between ≥ 100 mg/dL and < 126 mg/dL; (ii) impaired glucose tolerance (IGT), (n = 39) when after 120 minutes and taking 75 g anhydrous glucose, plasma glucose was between ≥ 140 mg/ dL and < 200 mg/dL; as well as (iii) diabetes, (n = 11) when either fasting plasma glucose was ≥ 126 mg/dL, and/or after120 minutes and glucose load, plasma glucose was ≥ 200 mg/dL.
The homeostatic model assessment-estimated insulin resistance (HOMA-IR) is a simple method to measure IR which was calculated as fasting glucose (mg/dL) × fasting insulin (μU/mL)/405 (24) .
Sample size was calculated for estimation of the prevalence of MS in PCOS women attending our infertility clinic. Data were analyzed by a software package used for statistical analysis (SPSS) version 20 (SPSS, Inc., Chicago, IL, USA). Descriptive statistics, mean ± standard deviation (SD) and frequency (%) were used to describe the characteristics of participants. The Student's t-test was used to compare the continuous variables between groups. For comparing categorical variables, χ 2 test was used. A p-value of < 0.05 was considered statistically significant.
RESULTS
A total of 624 women were enrolled to study. The mean age and BMI were 28.6 ± 4.3 years and 26.7 ± 3.7 kg/m 2 , respectively. Obesity was seen in 114 (18.3%) women with PCOS, while 295 (47.3%) were overweight. According to the results of glucose metabolism, 80.1% had normal glucose metabolism, 8.7% had IFG, 6.3% had IGT, 3.2% had combined IFG and IGT, and 1.8% had diabetes mellitus.
Metabolic syndrome and polycystic ovarian syndrome
The prevalence rates of menstrual irregularities in our patients were: oligomenorrhea (64.7%), amenorrhea (25.3%), eumenorrhea (8.4%), polymenorrhea (0.8%) and mixed pattern (0.8%). In addition, hirsutism score > 8, acne and male pattern balding were seen in 30.1%, 22.1% and 8.3% of patients, respectively. The overall prevalence of MS was 19.7 %. Also, 37.7% and 28.2% of patients showed one and two criteria for MS, respectively. Clinical and biochemical characteristics of participants are summarized in table 1, while table 2 demonstrates the prevalence of the metabolic syndrome according to different age and body mass index groups. The prevalence rates of different components of MS are shown in table 3. Our results indicated that among PCOS patients with MS, the most prevalent forms of MS components were low level of HDL cholesterol (92.8%) followed by increased WC (82.9%), whereas the least prevalent form was high blood pressure (8.1%) ( Table 3 ). 
DISCUSSION
This study showed the prevalence of MS in Iranian infertile PCOS patients was 19.7% according to ATPIII criteria and Rotterdam criteria. Also, our results show that this prevalence increased with age and BMI. This prevalence is lower than related values in many American and Asian reports. For example, in several studies in US, the prevalence of MS was 33.4-46% according to NCEP-ATP III criteria (12, 25) . In India and Brazil, this prevalence rates were 37.9% and 28.4% (13, 17) , respectively. In contrary, in several European countries, the prevalence rates of MS in PCOS women are lower than our results, like 11.6% in Turkey (18), 8.2% in southern Italy according to ATPIII criteria (19) and 1.6% in the Czech Republic (26) . It seems one of the important causes for discrepancy in the prevalence of MS in women with PCOS is different criteria for diagnosis of PCOS and MS. For example, Bhattacharya showed in Indian PCOS women, MS was found in 47.5% and 37.9% cases according to IDF criteria and ATP III criteria, respectively (13) . Also, based on WHO criteria and ATP-III criteria, Carmina and cols. found the prevalence rates of MS were 16% and 8.2%, respectively, in Italian PCOS women (19) . In addition to different criteria for diagnosis of PCOS and MS, the characteristics of the population studied, such as race, age, BMI, different dietary habits and lifestyle in different countries, had important roles for different prevalence rate of MS in PCOS women. Another important risk factor for MS in PCOS patients and also in general populations is advance age (27) (28) (29) . In our study, the mean age of subjects was 26.8 ± 4.3 years. Vural and cols. found in Turkish PCOS women -the country with similar (geographical environment and eating habits to our country -the prevalence rate of MS was lower than our study. This difference may be due to lower average age of participants in their study (21.4 ± 1.8 years) (18) .
The prevalence rate of MS in our study was higher in upper age groups [9.5% (< 25 years) vs. 34.5% (35-40 years)]. According to results of Third National Health and Nutrition Examination Survey (NHANES) for US population, the prevalence of the MS increased with advanced age, reaching peak levels in the seventh decade for women (29) . It seems increasing in prevalence of MS with advanced age is related to increased prevalence of overweight and obesity. Soares and cols. (15) reported in Brazilian women with PCOS, the prevalence of MS increased with advancing age. The cause of age related insulin resistance, however, remains unknown, Boden and cols. (30) found that at least part of the insulin resistance in aging may be due to age-related changes in body composition rather than age itself.
Obesity has a key role in evolution of MS. Our study showed in upper BMI groups, the prevalence of MS were higher [3.2 % (BMI < 25) vs. 46 % (BMI ≥ 30)]. The association between the prevalence of the MS and BMI was shown in normal population (29) and PCOS patients (15, 25) . Ehrmann and cols. showed PCOS women in the highest quartile of BMI had nearly a 14fold increased chance of having the MS compared with women in the lowest quartile of BMI (25) .
Insulin resistance and compensatory hyperinsulinemia are key pathogenetic factors in MS, but insulin levels per se are not applied for diagnosis of the MS. We found that fasting insulin levels in PCOS patients with MS were significantly higher than PCOS patients without MS. In agreement with this finding, Ehrmann and cols. showed a significant increasing trend in the proportion of women with the MS as related to the fasting insulin concentration; the prevalence of the MS from lowest to highest quartile of fasting insulin was 12.1, 25.3, 38.5, and 58.2%, respectively. This trend remained significant even after adjusting for BMI (25) . Belong to Ehrmann and cols.'s study chance for having MS in the highest quartile of fasting insulin was 5-fold greater (95% CI = 2.1-11.8) than lowest quartile after adjustment for the effect of body weight (25) . Also, our finding showed that one of the important IR index, HOMA-IR, was significantly higher in PCOS with MS group. In agreement with these findings, several studies show a statistically significant increase in fasting insulin level and in HOMA-IR in PCOS patients with and without MS (25, 31, 32) .
Our results show the most prevalent factors of MS component in PCOS patients were low level of HDL cholesterol (71.5%) followed by increased WC (34.6%). However, the most prevalent forms of MS component in PCOS patients were different in previous studies. In agreement with our results, Soares and cols. (15) showed the most prevalent forms of MS components was HDL-C level < 50 mg/dL in 69.6% followed by WC ≥ 88 cm in 57.9%.
Marcondes and cols.'s study showed the best predictors of MS were a WC > 88 cm, HDL-C < 50 mg/ dL and triglycerides ≥ 150 mg/dL (31) . In Espinós-Gómez and cols.'s study, WC, low HDL-C and high triglyceride concentrations had a valid association for selecting PCOS patients as a good candidate for routine metabolic screening (32) .
In conclusion, it seems the prevalence of MS in our country isn't as high as western countries. The prevalence increases significantly with age and BMI. The most prevalent form in metabolic abnormality is low HDL-C.
